The paper presents an experimental study of five different gypsum composites taking into account paraffin permeability. The composites consist of synthetic gypsum, paraffin and polymers. The samples were produced from gypsum slurry of mixing ingredients, all in the liquid state. After 7 days of maturing, the condition of the samples was assessed as well as drying time was determined. In the second part, the paraffin tightness of different samples was analysed. The results showed that after three weeks of tests the tightness sample was A4. Other polymers were characterised by lower tightness. The content of polymer had also the effect on the final results, but the direct relation between polymer content and paraffin tightness was not observed.
INTRODUCTION
The synthetic gypsum products are commonly used in the building industry [1] . The production of gypsum lies in the conversion of calcium carbonate in flue gas desulfurization technology using a wet limestone method that is often integrated with coal combustion in power plants [2] . Some power production in a European country, like Poland or Germany, is still based on coal burning. Therefore, in such cases the direct production of gypsum elements on site (in the factory located nearby) is possible. Even the gypsum application in the construction sector is widely known for 5000 years [3] , the contemporary products are often modified to achieve better thermophysical properties. There are two main chemical compounds, which have been widely investigated and tested over recent decades: water-soluble polymers and phase change materials.
The main goal of using polymers in gypsum slurry is the modification of setting process, which involves gypsum hydration/crystallization and final structure of gypsum matrix [4] . Based on the application in cements, Pouches revealed that polymers had the considerable influence on hydration delay [5] . Bülichen [6] and Patural [7] showed that HEMC improved water retention of cement and gypsum. Moreover, the influence of Tylose MH1000 content on gypsum thermal conductivity was also confirmed [8] . On the other hand, to increase the durability of cementitious composites, various internal curing agents, including superabsorbent polymers (SAPs), are often used [9] . In gypsum polymers, the porosity, pore-structure, water retention and mechanical properties change considerably [10] . The effect of microstructure on moisture diffusivity in cement mortars was determined by Garbalińska et al. [11] , [12] .
The incorporation of different types of phase change materials in gypsum plaster or wallboard leads to a considerable increase in their thermal inertia [13] . The first investigated technology based on the direct application of fatty acids in gypsum slurry [14] , [15] or paraffin [16] , [17] suffers from the leakage problems [18] . Newly emerging materials containing phase-change materials are based on micro-encapsulation of paraffin. The idea of this solution is the placement of paraffin in a special capsule, small spheres that keep the material in the stable form under all conditions [19] , [20] , [21] . Such acrylic microcapsules can be directly incorporated into a gypsum product. However, the total volume of pure PCM closed inside the capsules is relatively low in comparison with the total volume. Moreover, this solution is very expensive to use due to the production cost of microcapsules, which disqualifies large-scale use of phase-change material.
The main goal of the present study is to improve the existing technology by increasing the tightness using a polymer. In the experimental analysis, the paraffin was used as a phase change material, mixed with gypsum slurry modified by five types of polymers. The commercially available paraffin, RT25, was widely used in past for building product application: opaque - [22] or transparent [23] . The main advantages of paraffin are primarily the large heat capacity so that it allows accumulating heat. However, it should be mentioned that the use of paraffin has, unfortunately, many negative effects on buildings. One and the most dangerous is its flammability. Another disadvantage is undoubtedly the reduction of the strength of the final product. Some research was devoted to the application of fibre and plasticizer [24] . The last disadvantage from the perspective of paraffin application in building layers is low thermal conductivity, which is of great importance in the case of heat transfer [25] .
The objective of the present research is to determine which polymer gives the best results in terms of permeability of paraffin through a gypsum composite. This is extremely important in the case of the application of a layer, in which paraffin is contained. The leakage of paraffin when it is in a liquid state is unacceptable. Another quite important feature of such an application is the avoidance of a very expensive process which is micro-encapsulation. The process consists in closing the phasechange material in small capsules, which means that there is no leakage outside. The idea behind the research is to check whether the use of selected polymers in a mixture of gypsum and paraffin will bring tangible results of maintaining the paraffin inside the mixture.
MATERIAL SELECTION
The materials used in this study are four polymers from group A and one polymer from group B, in different proportions. The group A is characterised by the use as a binder in deeply penetrating and universal soils for various substrates, e.g., made of concrete, bricks, plasterboard, gypsum plaster, while the group B creates a different structure on the paint surface, resulting in superior durability and performance. The emulsion is built from an organic, pure acrylic polymer and an inorganic SiO2-phase. The used paraffin was RT25 produced by Rubitherm. RT25 is characterised by a melting point between 16-31°C, with a peak latent heat at 25°C. Total heat storage capacity is 210 kJ/kg. Heat conductivity is 0.2 W/(m•K). The gypsum used for the sample preparation was produced using the wet limestone method in the brown coal power plant. More information about the used polymers is listed below and compared in Table 1 . A1 -Polymer used mainly as a binder for the production of decorative and protective external coatings resistant to changing weather conditions. It is a polymer used in universal soils. pH 8.0-8.5. Dry matter content 50 ± 1 %. A2 -Vinyl-male copolymer, a binder in internal paints, in masses and decorative plasters. pH 3.5-5. Content of dry substance 50 ± 2 %. A3 -Polymer with high flexibility and adhesion to the substrate. pH 4.0-6.0. Dry substance content 49 ± 1 %. A4 -Designed for forming protective and decorative coatings for mineral surfaces, especially for mosaic plasters. B1 -Polymer used in paints due to its construction and composition based on pure acrylic polymer allows for the creation of a nanocoating, which is characterised by high fire resistance. * -minimum film forming temperature ** -glass transition temperature
SAMPLE PREPARATION
In the presented study, the samples were prepared using silicone molds and containers with a capacity of 100 ml. The order in which the components were introduced was as follows. In the beginning, the plaster was weighed and added first to the container. The appropriate amount of water was then measured and mixed until suitable consistency was obtained. Then a measured amount of paraffin was introduced and the polymer was added and everything was mixed for about 15 seconds. The order concerned both silicone molds and containers, with the right proportions for each option. At the initial phase of testing, it was checked whether it was possible to mix the polymer together with gypsum and paraffin. Suitable silicone molds were used that allowed making samples with a mass of 500 g. Based on the literature review, it was found that the most effective ratio of paraffin to gypsum was 0. 
INITIAL RESULTS -MATURING OF COMPOSITES
In the present study, the drying time was determined on the basis of organoleptic sensations. As a result of drying the material, an indicator was introduced, which after pressing the mixture showed whether the material had already dried or not. Examination of the possibility of mixing the polymer together with paraffin and gypsum took two weeks during which 500 g samples were made and then the drying process was observed. In some samples, especially with contents of 5 % and 10 %, the polymer leaked onto the gypsum surface. In another case, using the polymer A3, after the mixture dried, it shrank and then broke down, which directly eliminated this polymer from further tests.
On the basis of the conducted research, the drying time for individual polymers was evaluated in several ranges. As can be seen in each case, the increase in the proportion of polymers also increased the drying time. For the A3 polymer, it was not possible to determine the drying time unambiguously, so no graph showing the drying process was made. The graphs presented in Fig. 4 show the drying time depending on the proportion of polymer. Analysing the graphs in Fig. 4 , it can be concluded that the best polymers in terms of drying time are A2 and B1. In both cases, the lowest proportion of polymer gave a result of about 360 seconds, and the highest value, i.e., 10 %, did not exceed 720 seconds. Unfortunately, in both cases, the drying speed was the only advantage of application in the building layer because, as it was shown in paragraph 5, both polymers did not keep the paraffin inside in the period of three weeks.
PARAFFIN PERMEABILITY
Another test to determine the suitability of the mixture for use as a building layer was to prepare samples in 100 ml cylinder vessels with a diameter of 57 mm, after which the mixture was allowed to dry for a week. To carry out this test, the cups were specially prepared by making several holes on the bottom. At the beginning of the test, the holes were sealed and the gypsum slurry was produced according to the receipt provided in Section 3. The next step was to expose the holes made at the bottom of the samples. Then paraffin was poured onto the top of the sample so that the paraffin could pass through the samples and flow out through the exposed holes. Thanks to this step, it was easy to check whether a given polymer improved the paraffin tightness. In each case, the same amount of gypsum and polymer mixture was applied to each cylinder cup equal on the high of 20 mm. Each sample contained the same volume of paraffin equal to 1140 mm 3 . Due to the fact that each polymer interacts differently with gypsum, a various value was obtained in the drying process. Analysing the results presented in Table 2 , it can be seen that the proportion of polymer in each case gave different results. Polymers such as A1 and A4 reduced the amount of the mixture compared to the sample before drying. On the other hand, the polymer A2 showed that the mixture increased in volume compared to the initial state. The situation was similar for the polymer B1.
As mentioned before, the samples were left for a week to mature and dry properly. Thanks to this form of the mixture, paraffin was poured in for further testing. In each sample, it was introduced in the same amount of paraffin (20 mm of liquids on the gypsum). The paraffin level was checked at intervals of 7 days after pouring paraffin on the surface of the gypsum in the containers.
Analysing Fig. 5 , it can be seen that the smallest loss of paraffin was noted by the A4 polymer, which in a 3-week interval lost only 2 mm in the case of a 0.5 % share and the same in the share of 2.0 %. The largest changes in the amount of paraffin were recorded in both 2.0 % and 3.0 %. The major changes were noted for polymer A3, in which each share after 3 weeks allowed for a total loss of paraffin. As mentioned before, the samples with 5.0 % and 10.0 % share were not taken into account because in each of the samples the results did not give satisfactory outcomes. This was mainly due to the fact that the polymer content was too high, which did not combine with the mixture of gypsum and paraffin, and a large part of it was not inbuilt but remained on the surface of the sample until it evaporated.
CONCLUSIONS
As a result of research on a mixture of plaster, paraffin and polymers, several conclusions can be drawn. First of all, it has been confirmed that the polymer has an unequivocal effect on the properties of gypsum product. In one case, it causes excess gypsum foaming, but in the other case polymer does not combine with the mixture in 100 %. Another relatively important feature that has been revealed during the addition of the polymer is the extension of the drying time of the mixture. However, the most important feature that reveals during the addition of the polymer is the decrease in the strength of gypsum. The structure of the mixture in several samples led to gypsum cracking already after drying, and most of the samples were damaged during demoulding.
Analysing the second part of the research, some additional conclusions can be drawn. Based on the tests carried out, it can be observed that the volume of gypsum contained a different proportion of polymers. At the same volume in each sample, after a week of drying, it turned out that in some samples the volume exceeded the initial state. Therefore, based on the results of leakage experiments the best polymer that was used in this study was A4. Choosing the A4 polymer was mainly guided by the smallest losses resulting from the passage of paraffin through the structure. Therefore, the A4 polymer gave the best results in terms of paraffin permeability. It can be seen that, when compared to the second permeability of the B1 polymer, the fluctuations were definitely greater, especially at 1 % and 2 % of the polymer. However, the A4 polymer in each of the four shares did not give an unambiguous answer how much percentage of the polymer was the best. 0.5 %, 1.0 % and 2.0 % showed slight fluctuations compared to 3.0 % where there were no fluctuations. On this basis, it is not possible to clearly indicate which percentage gives the best results. In order to know the next properties of this polymer, further tests are necessary, mainly strength tests as well as seasoning of samples containing polymers and phase change material all together. To confirm the operation of a mixture of gypsum, polymer and paraffin, real-scale tests under all-year atmospheric conditions seem necessary.
